Abstract : It is necessary to install the inert gas system(IGS) for preventing fire and explosion in LNGC main diesel engine crankcase besides oil mist detector(OMD) unit with CO2 gas injector. Therefore, to design the liquid nitrogen IGS, analytical work is conducted for predicting the heat input load of liquid nitrogen heater with two-phase stratified flow model. This paper also presents the effects of changes in pipe diameter, saturated pressure, and inclination angle by ship's movement on cryogenic two-phase stratified flows. It is found that the stratified model gives reasonable predictions, and the model is effective to predict the heat input load of liquid nitrogen IGS.
-280 -use cryogenic liquid nitrogen(LN2) as inerting fluid due to the control of both temperature and pressure in crank chamber, and due to the benefit easily acquirable in hand from LNG terminals.
A key point to design the cost-efficient liquid nitrogen IGS is to predict the heat input load corresponding to generating the amount of inerting gas required to avoid the flammable range in crank chamber. The heat input load is minimized at low liquid nitrogen flow rate occurring cryogenic two-phase stratified flow.
Therefore, as the first step to design the liquid nitrogen IGS for LNGC, the analytical predictive results for the heat input load is calculated by using two-phase stratified flow model. And this paper also includes the effects of changes in pipe diameter, pressure, and inclination angle by ship's movement on two-phase stratified flows, and the prediction results are also compared with the cryogenic data. Fig. 1 shows the design description of liquid nitrogen inert gas system(IGS) to prevent fire and explosion accidents in LNGC diesel engine crank chamber. This system will be composed of the liquid nitrogen(LN2) cylinder, the saturated pressure controller of LN2, the heater for vaporizing saturated liquid nitrogen into saturated nitrogen gas, the superheater to control both of temperature and pressure of inert gas in the crank chamber, and the orifice for low inert gas flow rate. Generally, at low LN2 flow rate, cryogenic two-phase stratified flow also occurs in circular tube, similar to ordinary two-phase flow such as air-water and steam-water(JSME, 1989). At low LN2 flow rate, if liquid nitrogen single phase flows in the tube wall heated by heater attached to the IGS, the flow will also accomplish the phase change from liquid to vapor in the flow direction, simultaneously with change in thermal equilibrium quality from x=o to x=1. With further adding heat to the tube wall by superheater, saturated vapor single phase flow will be reached at superheated gas state and then flow into LNGC main engine crank chamber for playing the role of inerting gas.
Prediction model
And the required heater input load  in the range from quality x=o to x=1 can be calculated:
The equation (1) can be also reformed as:
In order to predict the required heat input load(), it is necessary to find out   ,   to be able to exist at the stratified flow regime. Superficial gas velocity   can be obtained from dimensionless form in the criterion for stratified flow occurrence condition as following (Taitel and Dukler, 1976) :
where F is a Froude number modified by the density and pipe inclination angle.
And the dimensionless liquid level,    can be expressed as:
where   is liquid phase level and the other dimensionless parameters are defined as:
Consequently, superficial gas velocity,   can be calculated by using equations (3)∼(6).
And liquid superficial velocity,   can be also predicted from following equation (Taitel and Dukler, 1976) :
where   ,      for laminar flow,   ,      for turbulent flow, and the other dimensionless parameters are defined as:
3. Discussion and validation
Discussion
As described in previous, superficial gas and liquid velocities   ,   can be calculated by using stratified flow However, as the pipe inclination angle increases from horizontal to downward, the nitrogen stratified flow region is gradually expanded. It will be due to the significant gravity effect on the gas-liquid two phase flow in inclination pipes.
It is also found that the effect of inclination angle on the nitrogen stratified flow is more significant than that of diameter. 
Validation

Heat input load
The heat input load of heater section in liquid nitrogen IGS onboard LNGC can be predicted form equation (2) 
Conclusion
As basic step to design the cryogenic liquid nitrogen inert gas system for LNG Carriers, analytical work was carried 
